The production of polarized neutrons in magnetized iron has been studied, using the intense neutron beams available at the Argonne heavy water pile. The theoretical vrork of Halpern et al. , used as a guide in the experiments, has been checked in many respects, with the exception that the polarization cross section p has a measured value of 3.15 barns compared to the theoretical 1 barn. The application of neutron polarization to the measurement of the approach to saturation in ferromagnets is described and preliminary results are reported.
I. INTRODUCTION production of neutron polarization by passage through magnetized iron were performed by HofFman, Livingston and Bethe, ' by Frisch, von Halban and Koch, ' and by Powers et e/. ' These experiments showed very small efFects which indicated the polarization of neutrons but the results were such that quantitative interpretation was very dificult. Some later experiments of Powerss showed qualitative agreements with the theory but again the efFects were so small that any detailed comparison was impossible. In 1939 Alvarez and Bloch' used the polarization of neutrons to determine the value of the neutron magnetic moment. In this work they were able to obtain eR'ects somewhat larger than in the earlier experiments. Later, Bloch, Hammermesh, and Staub~made the 6rst investigation of the 'HE possibility of polarizing the neutrons in a beam was 6rst suggested by Bloch' who showed that the scattering cross section for neutrons by magnetized iron should be different for the two possible orientations of the neutron spin relative to the magnetic 6eld. The difFerence in cross sections implies that a neutron beam, after passing through magnetized iron, should have a preponderance of neutrons with spins orientated in the same direction. In this way almost complete polarization could be produced in a very thick block of magnetized iron. The difFerence in cross section was shown by Bloch to arise from the term in the intensity caused by the interference of the neutron wave scattered by the magnetic 6eld of the iron atom with the wave scattered by the nucleus. It was suggested that neutron polarization experiments would give valuable information on the interaction of neutrons with electrons and on the nature of ferromagnetism.
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' L. Alvarez and F. Bloch, Phys. Rev. 57, 111 (1939) . Bloch, Hammermesh, and Staub, Phys. Rev. 54, 47 (1943) . 277 process of polarization in which results were obtained which were large enough to permit careful comparison with theory. A1though the polarization effects obtained were somewhat larger than the theory predicted, the qualitative theoretical results could be verified quite mell.
On the theoretical side, the initial suggestion of Bloch was followed by more detailed analysis of Schwinger' and especially of Halpern and co-workers. ' The complete theoretical calculation of the polarization is quite complicated, as it requires detailed knowledge of the distribution of the magnetic scattering caused by the orbital electrons (form factor), as well as the calculation of the somewhat complicated crystalline effects in the iron. A short review of the main results will be given here but the reader is referred to the excellent papers of Halpern et al. for the complete theory.
The scattering in iron is caused not only by the usual nuclear scattering, which is isotropic, but also by the orbital electrons because of the interaction of the electron spins with the neutron magnetic moment. The magnetic scattering shows a marked angular dependence and a reversal of sign for the two possible orientations of the neutron spin relative to the magnetic moment of the atom (parallel or antiparallel). The coherent scattering in a microcrystalline substance (which is the major part of the scattering as will be seen later) is obtained by adding the amplitude of the scattered waves, both nuclear and magnetic, and squaring the resultant amplitude. In the summation, of course, contributions are obtained only for microcrystals orientated Phys. Rev. 51, 544 (1937) .
'O. Halpern and M. Johnson, Phys. Rev. 55, 898 (1939) ; O. Halpern and T. Holstein, Phys. Rev. 59, 960 (1941); Proc. Nat. Acad. Sci. 28, 112 (1942) Fig. 2 . It is seen that the total cross section is about 12 barns for high neutron velocities and with lower neutron velocities the cross section becomes irregular, as is to be expected from crystal effects. Below 1000 m/s there is a sudden drop in total cross section, then a rapid rise as the velocity becomes even lower.
The short vertical lines represent the velocities at which discontinuities in the iron cross section are to be expected when the neutron wave-length exceeds twice the lattice spacing for a particular set of Miller planes. The last discontinuity is expected at 980 m/s (4.04A) as calculated from the lattice spacing for iron.
For neutron velocities less than the last cut-off value of 980 m/s, the cross section is caused only by incoherent scattering and capture. The neutron capture cross section was measured for the same iron sample by observing its effect on the reactivity of the graphite pile (danger coeflicient method of measuring absorption cross sections) with the result that the absorption cross section is 2.5 b at 2200 m/s. Knowing the value of the absorption at 2200 meters per second and assuming a 1/e dependence, the solid line labeled og can then be drawn. %hen the absorption is subtracted the points c~-0~are obtained. These points show that the incoherent scattering in the region 400 to 1000 meters per sec. is about 1.5 barns and is roughly constant with velocity. If it is assumed that the incoherent scattering is 1.5 b at thermal energy also, it is possible to calculate the amount of coherent scattering at thermal energies. The coherent scattering at 2200 m/s is thus 12 b minus 2. "E.Fermi and L. Marshall, Phys. Rev. 71, 666 (1947) .
scattering is much less than that found by Whitaker'4 (3.5 b) which was usmi by Halpern in his theoretical calculation of neutron polarization. However, the present analysis is in good agreement with the value of 8.1 b for the coherent scattering cross section found by Fermi' in his work on the total reflection of neutrons from an iron mirror. The small value of the incoherent scattering means that it is unnecessary to assume that the scattering amplitudes for the diferent iron isotopes are of opposite sign as was assumed by Halpern. The fact that the incoherent scattering is small is also relevant to the discussion of reference 10 of the present paper.
The scattering cross section curve of Fig. 2 was used to calculate the change in shape of the neutron spectrum with penetration through iron. In this way the spectrum was calculated for various values of the iron thickness up to 6 cm.
Knowing the shape of the spectrum at each d value, it was then possible to calculate the average value of the polarization cross section p which was appropriate for each particular iron thickness used in the polarization experiments. The eR'ect of the change in shape, on "hardening" of the spectrum is to lower the average value of P as d increases. (8), and in the direction perpendicular to the plane of rolling (C).
For each of these directions of magnetization, the neutrons were passed in two directions also.
The data in Table II Table III and are plotted against d in Fig. 4 . In Fig. 4 
